10 



TITLE OF THE INVRNTTriM 
SUBSTRATE FOR LIQUID CRYSTAL DISPLAY ELEMENTS 
BACKGROimr) n p THE TMVENTIOKT 

Field of the Invention 

The present invention relates to a substrate 
for liquid crystal display elements, and more 
particularly, to a substrate for liquid crystal 
elements for use in semi-transparent type liquid 
crystal display elements which partially transmit 
light. 

^ ^ Prior Art 

In recent years, in order to meet demand for 
thinner and more lightweight portable electronic 
devices and apparatuses as well as requirements for a 
longer battery driving time, reflective -type liquid 
crystal display elements utilizing external light have 
become used to realize low electric power consumption 
liquid crystal displays. However, since the display 
quality (especially in terms of contrast) of such 
reflective-type liquid crystal display elements rely 
heavily on external light, it is not possible to 
obtain sufficient brightness in a dark place compared 
with transparent-type liquid crystal display elements 
which utilize back light, leading to a degraded 
Picture quality. One method to overcome this problem 
has been proposed by Japanese Laid-open Patent 
Publication (Kokai) No. 11-002709 which provides a 
semi-transparent type liquid crystal display element 
using a semi-transparent plate as a reflector so that 
the element may be used both as a reflective type in a 
bright place and a transparent type using back light 
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in a dark place. 

A substrate for liquid crystal display elements 
used in this semi-transparent type liquid crystal 
display element has a liquid crystal layer interposed 
between a pair of transparent substrates provided with 
liquid crystal-driving electrodes, such that a light 
scattering characteristic of the liquid crystal layer 
is controlled by the magnitude of voltage applied to 
the liquid crystal layer. Further, this substrate has 
such a structure that a semi-transparent reflector 
formed of metal, such as aluminum, is stacked on a 
substrate on a backside, wherein the semi-transparent 
reflector is formed of a metallic thin film which has 
a thickness reduced to such a degree that light can 
partially be transmitted through the film. 

However, to obtain such a metallic thin film 
with a reduced thickness, it is necessary to make the 
film thickness extremely thin to suppress the 
reflection of light and hence increase the degree of 
light transmittance. Therefore, a high degree of 
control of the thickness of the film is required 
during the manufacturing process, thus making it 
difficult to realize such a thin metallic film. 
Moreover, even if the film thickness is reduced, light 
is absorbed during transmission of light so that the 
utilization factor of light is low. 

Further, when the liquid crystal is driven, 
capacitance occurs between the metallic thin film' and 
transparent electrodes (transparent conductive films) 
which induces a signal delay, and thus there is a 
possibility that the speed of a drive signal for 
driving the liquid crystal display element lowers. 

SUMMARY OF THE INVENTIOM 

It is therefore an object of the present 
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invention to provide a substrate for liquid crystal 
display elements which can meet a variety of required 
optical characteristics and, at the same time, can 
improve the utilization factor of light without the 

To attain the above! object , the present 
invention provides a substiate for liquid crystal 
display elements comprising! a transparent substrate, 
and a predetermined number Af pairs of a first 
transparent film having a hiW refractive index and a 
second transparent film haviAg a low refractive index 
each composed of a dielectric! material and stacked on' 
the transparent substrate, whirein: the first 
transparent film has a refractive index of light of 
not less than 1 . 8 at a wavelen^p of 550nm, and the 
second transparent film is stacked on the first 
transparent film and has a refrictive index of light 
of not more than 1 . 5 at the wavelength of SSOnm; the 
predetermined number is an integer not less than 1; 
and the first transparent film ank the second 
transparent film each have a f ilm Ithickness thereof 
set to such a value that the light\ reflectance in a 
visible light region of each of th\ first and second 
transpare nt films is within a range| of 5 - QR«fe 



According to the substrate of the present 
invention, it is possible to meet a variety of 
required optical characteristics, for example, it is 
possible to freely set the ratio between light 
transmittance and light reflectance in the visible 
light region of each transparent film over a wide 
range according to applications, and in addition, it 
is possible to improve the utilization factor of 'light 
since a transparent film having a high refractive 
index and a transparent film having a low refractive 
index, each composed of a dielectric material, are 
used. Further, since neither of the transparent films 
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IS composed of a metallic thin film, the possibility 
of inducing a signal delay can be eliminated. 

Preferably, the substrate for liquid crystal 
display elements includes a transparent roughened 
surface scattering layer stacked on the transparent 
substrate . 

As a result, glare by reflection of light can 
be suppressed. 



^ . , „ preferable tWt the light reflectance in 

10 the visible light region If each of the first and 

second transparent films As in a range of not less 
than 5% but less than 25%, Wherein: when the 
^ predetermined number is 1, Vthe first transparent film 

has a film thickness of 20 \ 130nm, and the second 
transparent film has a film \thickness of 50 - liOnm; 
when the predetermined numbei- is 2. the first 
transparent film has a film tViickness of 5 - 60nm, and 
the second transparent film his a film thickness of 5 

- 150nm; when the predetermine^ number is 3, the first 
transparent film has a film thickness of 3 - 80nm, and 
the second transparent film has\a film thickness of 5 

- 160nm; and when the predetermined number is 4, the 
first transparent film has a fili thickness of 5 - 
80nm, and the second transparent Wim has a film 

25 thicknes.c; r^f c; _ gOnm. % 

It is also preferaWe that the light 
reflectance in the visibleXlight region of each of the 
first and second transparent films is in a range of 
not less than 25% but less t\an 45%, wherein: when the 
predetermined number is 1, th\ first transparent film 
has a film thickness of 80 - l\onm, and the second 
transparent film has a film thikness of 40 - 60nm; 
when the predetermined number is\2, the first 
transparent film has a film thickLss of 20 - 180nm 
and the second transparent film hak a film thickness 
of 30 - lOOnm; when the predetermined number is 3 the 
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first transparent film hal a film thickness of 10 - 
130nm, and the second transparent film has a film 
thickness of 10 - 170nm; v^en the predetermined number 
is 4, the first transparent film has a film thickness 
of 20 - llOnm, and the sec<]nd transparent film has a 
film thickness of 5 - 100nm| when the predetermined 
number is 5, the first transparent film has a film 
thickness of 10 - llOnm, ani the second transparent 
film has a film thickness ofis - llOnm; and when the 
predetermined number is 6, tile first transparent film 
has a film thickness of 10 - feOnm, and the second 
transparen t film has a film thickness of 30 - IQQnm. 

Further, it is preferable that the light 
reflectance in the visible light region of each of the 
first and second transparent films is in a range of 
not less than 45% but lesfe than 65%, wherein: when the 
predetermined number is 2,\ the first transparent film 
has a film thickness of 6o\ - 180nm, and the second 
transparent film has a filA thickness of 40 - 90nm; 
when the predetermined number is 3, the first 
transparent film has a film! thickness of 20 - 160nm, 
and the second transparent fiilm has a film thickness 
of 10 - ISOnm; when the predetermined number is 4, the 
first transparent film has alfilm thickness of 20 - 
180nm, and the second transparent film has a film 
thickness of 10 - llOnm; when! the predetermined number 
is 5, the first transparent film has a film thickness 
of 30 - 190nm, and the second transparent film has a 
film thickness of 10 - 140nm; Ihen the predetermined 
number is 6, the first transparent film has a film 
thickness of 10 - I50nm, and thW second transparent 
film has a film thickness of 10 V lOOnm; when the 
predetermined number is 7, the first transparent film 
has a film thickness of 20 - ISOiLn, and the second 
35 transparent film has a film thickkess of 5 - llOnm; 

when the predetermined number is A, the first 
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transparent filA has a film thickness of 20 - 13 0nin, 
and the second transparent film has a film thickness 
of 5 - llOnm; and when the predetermined number is 9, 
the first transparent film has a film thickness of 20 
- 120nm, and the iecond transparent film has a film 
thickness of 10 - ©Onm. 



It is also preferable that the light 
reflectance in the visibll light region of each of the 
first and second transparent films is in a range of 
not less than 65% but less\ than 95%, wherein: when the 
predetermined ntimber is 3, \the first transparent film 
has a film thickness of 80 V 160nm, and the second 
transparent film has a f ilm\thickness of 40 - llOnm; 
when the predetermined number is 4, the first 
transparent film has a film thickness of 60 - 140mn 
and the second transparent film has a film thickness 
of 40 - lOOnm; when the predetermined number is 5, the 
first transparent film has a film thickness of 30 - 
13 0nm, and the second transparent film has a film 
thickness of 20 - 17 0nm; when the predetermined number 
is 6, the first transparent film has a film thickness 
of 20 - 180nm, and the second transparent film has a 
film thickness of 10 - 140nm; when the predetermined 
number is 7, the first transparent film has a film 
thickness of 10 - 150nm, and the second transparent 
film has a film thickness of 30 - 130nm; when the 
predetermined number is 8, the first transparent film 
has a film thickness of 5 - 200nm, and the second 
transparent film has a film thickness of 5 - 150nm; 
and when the predetermined number is 9, the first 
transparent film has a film thickness of 5 - 200nm, 
and the second transparent film has la film thickness 
of 5 - 140nm. !■ 



Since the thickness of each of the transparent 
film having a high refractive index and the 
transparent film having a low refractive index can 
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thus be set over a predetermined range, the light 
reflectance in the visible light region can be set 
over a wide range, making it possible to meet a 
variety of required optical characteristics. 
5 Preferably, the second transparent film is 

formed of a material having a low refractive index 
consisting essentially of at least one compound 
selected from the group consisting of silicon dioxide, 
magnesium fluoride, calcium fluoride, and lithium 
1 0 fluoride . 

Silicon dioxide is particularly preferable 
because of its excellent chemical durability. 

In a preferred embodiment of the present 
invention, the second transparent film includes a 
transparent film located farthest from the transparent 
substrate, the transparent film being formed of 
silicon dioxide and having a film thickness of not 
less than 2 0nm. 

As a result, it is possible to improve the 
degree of adhesion of the low refractive index 
transparent film which is located farthest from the 
transparent substrate, to other materials such as a 
color filter coated on the transparent thin film. 

In a further preferred embodiment of the 
present invention, the first transparent film is 
formed of a material having a high refractive index 
consisting essentially of at least one compound 
selected from the group consisting of titanium 
dioxide, zirconium dioxide, tantalum pentoxide, and 
30 tin oxide. 

The above and other objects, features and 
advantages of the invention will become more apparent 
from the following detailed description taken in 
conjunction with the accompanying drawings 
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FIG. 1 is a cross -sectional view showing an 
example of a laminated structure of a conventional 
liquid crystal display element; 

FIG. 2 is a cross-sectional view showing a 
laminated structure of a liquid crystal display 
element manufactured by using a substrate for liquid 
crystal elements according to an embodiment of the 
present invention ; 

FIG. 3 is a graph showing the relationship in 
light transmittance and light reflectance between 
typical examples of the present invention and 
Comparative Examples Nos . 1-4; and 

FIGS. 4A and 4B are graphical representations 
of optical characteristics of examples of the 
substrate for liquid crystal display elements 
according to the present invention and comparative 
examples of the conventional substrate for liquid 
crystal display elements, in which: 

FIG. 4A is a graphical representation of 
optical characteristics of Examples Nos. 1 and 2; and 

FIG. 4B is a graphical representation of 
optical characteristics of Comparative Examples Nos. 1 
and 2 . 

DETAILED DESCRIPTION 

The present invention will now be described in 
detail with reference to the drawings showing 
preferred embodiments thereof. 

To attain the object, the present inventors 
conducted extensive studies and reached a finding 
that, if a predetermined number of pairs of a 
transparent film having a high refractive index 
(hereinafter referred to as "the high refractive index 
transparent film") and a transparent film having a low 



refractive index (hereinafter referred to as "the low 
refractive index transparent film"), each composed of 
a dielectric material, are stacked on a transparent 
substrate, and the refractive index of light of the 
high refractive index transparent film is not less 
than 1,8 at a wavelength of 550nm, and the low 
refractive index transparent film is stacked on the 
high refractive index transparent film and has a 
refractive index of light of not more than 1.5 at the 
wavelength of 550nm, and further, if the predetermined 
number of pairs is 1 or more, and the film thicknesses 
of the high refractive index transparent film and the 
low refractive index transparent film are set to such 
values that the light reflectance in the visible light 
region of each transparent film is within a range of 5 
- 95%, it is possible to meet a variety of required 
optical characteristics and, at the same time, improve 
the utilization factor of light and further, eliminate 
the possibility of inducing a signal delay. 

That is, according to a substrate for liquid 
crystal display elements of the present invention, it 
is possible to meet a variety of required optical 
characteristics, for example, it is possible to freely 
set the ratio between light transmittance and light 
reflectance in the visible light region of each 
transparent film over a wide range according to 
applications, thereby improving the utilization factor 
of light. Further, since the high and low refractive 
index transparent films are composed of dielectric 
materials instead of a metallic thin film, capacitance 
does not occur between the transparent films and the 
transparent electrodes, and consequently the 
possibility of inducing a signal delay can be 
eliminated. 

Further, since the difference between the 
maximum value and minimum value of the light 
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reflectance of wavelength components, red (R) , green 
(G) , and blue (B) in the visible light region can be 
kept at approximately 10% or less, optical 
characteristics which are flat over a wide range in 
5 the visible light region can be obtained. 

The present invention is based upon the above 
findings . 

A substrate for liquid crystal display elements 
according to an embodiment of the present invention 
10 will now be described in detail with reference to FIG. 

2. 

FIG. 2 is a cross-sectional view of a laminated 
structure of a liquid crystal display element 
manufactured by using a substrate for liquid crystal 
15 elements according to an embodiment of the present 

invention. In FIG. 2, a pair of transparent 
substrates 1 and la are arranged in opposed relation 
to each other, with the transparent substrate 1 facing 
a back side and the transparent substrate la facing a 

20 front side. On an outer surface of the transparent 

substrate la, a diffusion plate 5, a phase difference 
plate 2a, and a polarizing plate 3 are stacked in the 
mentioned order, while on an inner surface of the 
transparent substrate la, a transparent conductive 

25 film 6a composed of indium- tin-oxide (ITO) or the like 

is stacked. On an outer surface of the transparent 
substrate 1, a phase difference plate 2 and a 
polarizing plate 3 are stacked in the mentioned order, 
and further, on an outer surface of the polarizing 

30 plate 3, a back light 4 which acts as a light source 

is arranged. 

The transparent substrates 1 and la may be 
ordinary glass substrates which are commonly used. 
However, this is not limitative, but other substrates 

35 such as substrates formed of soda lime glass, and 

transparent plastic or the like, may be used as the 
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transparent substrates 1 and la* When a soda lime 
glass substrate is used as the transparent substrates 
1 and la, it is preferable to coat the transparent 
substrates with a silicon dioxide thin film so as to 
5 prevent a possible pollution problem caused by sodium 

ions which flow out from the inside of the substrates. 
Further, when a transparent plastic substrate is used 
in place of the glass substrate, it is preferable to 
coat a silicon dioxide thin film on top of a hard 

10 coating containing polyorganosiloxane, because there 

is a possibility that moisture can leak out from the 
inside of the substrates. 

A predetermined number m (m is a positive 
integer) of pairs of a high refractive index 

15 transparent film 7 and a low refractive index 

transparent film 8 are stacked on an inner surface of 
the transparent substrate 1. The former transparent 
film 7 is composed of a dielectric material having a 
low light absorption and a high refractive index, and 

20 the latter transparent film 8 is composed of a 

dielectric material having a low light absorption and 
a low refractive index. The low refractive index 
transparent film 8 is stacked on the high refractive 
index transparent film 7, but the stacking order may 

25 be reversed. Further, a transparent roughened surface 

scattering layer 12 formed by applying and pressing a 
thermosetting organic resin (e.g. acrylic resin or the 
like) may be stacked on the inner surface of the 
transparent substrate 1. Although not shown, the 

30 transparent roughened surface scattering layer 12 

presents micro irregularities on its surface and these 
micro irregularities cause irregular reflection of 
reflected light, which can suppress the glare of the 
finished product. Further, it is preferable that the 

35 refractive index of the transparent roughened surface 

scattering layer 12 be almost the same as that of the 
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transparent substrates 1 and la. 

The predetermined number m of pairs of the high 
refractive index transparent film 7 and the low 
refractive index transparent film 8 function as 
5 reflecting films which reflect light. That is, by 

giving a suitable thickness to each of the high 
refractive index transparent film 7 and the low 
refractive index transparent film 8 and setting the 
predetearmined number m to a suitable number, it is 

10 possible to set the light transmittance and the light 

reflectance to desired values. 

The above-mentioned light transmittance and 
light reflectance are set according to required 
specifications (applications) of the design of the 

15 substrate for liquid crystal elements. For example, 

the light reflectance is set within a range of 5 to 
95%, as follows: When the substrate is to be 
frequently used under a relatively bright environment 
as a substrate of a reflective type liquid crystal 

20 display element, the light reflectance is set to a 

high value (65 to 95%), while when the substrate is to 
be frequently used under a relatively dark environment 
as a substrate of a transparent type liquid crystal 
display element, the light reflectance is set to a low 

25 value (5 to 45%) . When the light reflectance is set 

within a range of 45 to 65%, it is possible to 
manufacture a liquid crystal display element which is 
suitable for use as both a reflective type and a 
transparent type display element. 

3° In FIG. 2, a transparent film 8a, which is 

either the high refractive index transparent film 7 or 
the low refractive index transparent film 8 but is 
located farthest from the transparent substrate 1, has 
stacked thereon a tessellated color filter 9, an 

35 overcoat 10 for protecting the color filter 9, and a 

transparent conductive film 6 composed of indium-tin- 
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oxide (ITO) or the like. Further, a crystal layer 11 
is placed between the transparent conductive film 6 
and a transparent conductive film 6a. However, the 
above described layers 9, 10, 6, 6a stacked on the 
transparent film 8a may be replaced by a single 
optically equivalent transparent layer (matching oil) 
13 . The refractive index of the matching oil is in a 
range of 1.5 - 1,6, and preferably, 1.55. 

As the material having a high refractive index 
used for the high refractive index transparent film 7, 
it is preferable to use a dielectric material which 
has a refractive index of 1.8 or more and has a low 
light absorption. Specifically, titanium dioxide, 
zirconium dioxide, tantalum pentoxide, tin oxide, or 
the like is preferred. Further, as the material 
having a low refractive index used for the low 
refractive index transparent film 8, it is preferable 
to use a dielectric material which has a refractive 
index of 1.5 or less and has a low light absorption. 
Specifically, silicon dioxide, magnesium fluoride, 
calcium fluoride, lithium fluoride, or the like is 
preferred. It is preferable that the thickness of 
each transparent film is in a range of 5 - 2 00nm, 
however, to be exact, an optimum thickness to achieve 
desired optical characteristics should be selected. 

It is preferable to set the optimum thickness 
as follows, according to required light reflectance 
and number of pairs (number of stacked layers, 
hereinafter referred to as "stacking number") of the 
high refractive index transparent film 7 and the low 
refractive index transparent film 8 in the visible 
light region, under the condition that the difference 
between the maximum value and minimum value of light 
reflectance of wavelength components red (R) , green 
(G) , and blue (B) in the visible light region is kept 
at approximately 10% or less: 
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(1) Light Reflectance of 5% - 24% 

(i) when the stacking number m is 1 

high refractive index 
transparent film 7: 20 - 130 nm 
5 low refractive index 

transparent film 8: 50 - 110 nm 

(ii) when the stacking number m is 2 

transparent film 7: 5 - 60 nm 
transparent film 8: 5 - 150 nm 

10 (iii) when the stacking number m is 3 

transparent film 7: 3 - 80 nm 
transparent film 8: 5 - 160 nm 
(iv) when the stacking number m is 4 
transparent film 7: 5 - 80 nm 

15 transparent film 8: 5 - 80 nm 

(2) Light Reflectance of 25% - 44% 

(i) when the stacking number m is 1 

transparent film 7: 80 - 110 nm 
transparent film 8: 40 - 60 nm 

20 (ii) when the stacking number m is 2 

transparent film 7: 20 - 180 nm 
transparent film 8: 30 - 100 nm 

(iii) when the stacking number m is 3 
transparent film 7 : 10 - 130 nm 

25 transparent film 8: 10 - 170 nm 

(iv) when the stacking number m is 4 

transparent film 7: 20 - 110 nm 
transparent film 8:5- 100 nm 

(v) when the stacking number m is 5 
30 transparent film 7: 10 - 110 nm 

transparent film 8:5- 110 nm 

(vi) when the stacking number m is 6 

transparent film 7: 10 - 80 nm 
transparent film 8: 30 - 100 nm 
35 (3) Light Reflectance of 45% - 64% 

(i) when the stacking number m is 2 
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transparent film 7 : 60 - 180 nm 
transparent film 8: 40 - 90 nm 

(ii) when the stacking nximber m is 3 

transparent film 7: 20 - 160 nm 
transparent film 8: 10 - 150 nm 

(iii) when the stacking number m is 4 
transparent film 7: 20 - 180 nm 
transparent film 8; 10 - 110 nm 

(iv) when the stacking number m is 5 

transparent film 7: 30 - 190 nm 
transparent film 8: 10 - 140 nm 

(v) when the stacking number m is 6 

transparent film 7 : 10 - 150 nm 
transparent film 8 : 10 - 100 nm 

(vi) when the stacking number m is 7 

transparent film 7: 20 - 150 nm 
transparent film 8:5- 110 nm 

(vii) when the stacking number m is 8 
transparent film 7: 20 - 130 nm 
transparent film 8:5- 110 nm 

(viii) when the stacking number m is 9 
transparent film 7: 20 - 120 nm 
transparent film 8: 10 - 90 nm 

(4) Light Reflectance of 65% - 94% 

(i) when the stacking number m is 3 

transparent film 7: 80 - 160 nm 
transparent film 8: 40 - 110 nm 

(ii) when the stacking number m is 4 

transparent film 7: 60 - 140 nm 
transparent film 8: 40 - 100 nm 

(iii) when the stacking number m is 5 
transparent film 7: 30 - 130 nm 
transparent film 8: 20 - 170 nm 

(iv) when the stacking number m is 6 

transparent film 7: 20 - 180 nm 
transparent film 8: 10 - 140 nm 
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(v) when the stacking number m is 7 

transparent film 7: 10 - 150 nm 
transparent film 8: 30 - 130 nm 

(vi) when the stacking number m is 8 

transparent film 7: 5 -200nm 
transparent film 8:5- 150 nm 

(vii) when the stacking number m is 9 
transparent film 7; 5 - 200 nm 
transparent film 8: 5 - 140 nm 

If the transparent film 8a which is located 
farthest from the transparent substrate 1 is a low 
refractive index transparent thin film 8, it is 
preferable that its thickness is 20nm or more from a 
view point of enhancing its adhesion to the color 
filter 9. Further, it is preferable that the material 
for the transparent film 8a is silicon dioxide. A 
preferable method of forming the above high refractive 
index transparent film 7, low refractive index 
transparent film 8 and transparent film 8a mainly 
includes ion plating, electron beam heated 
evaporation, and sputtering. However, other methods 
may be employed. 

According to the present embodiment, by 
stacking in multiple layers a predetermined number m 
of pairs of the high refractive index transparent film 
7 and the low refractive index transparent film 8 
which are composed of dielectric materials having 
different refractive indices, it is possible to set 
the light reflectance in the visible light region to 5 
- 95% and thus meet a variety of required optical 
characteristics, compared with the conventional 
substrate for liquid crystal display elements which 
has a metallic thin film stacked on the back side 
transparent substrate 1. Further, since the high 
refractive index transparent film 7 and low refractive 
index transparent film 8 are composed of low light 
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absorption dielectric materials, the utilization 
factor of light can be improved due to the reduced 
amount of light absorption. Besides, the possibility 
of a signal delay can be eliminated. 
EXAMPLES 

Next, examples of the present invention will be 
explained. 

Example 1 

First, the above-mentioned transparent 
substrate 1 for the back side was prepared from a soda 
lime glass material (consisting essentially of 72 
weight % of Si02, 13 weight % of Na20, 8 weight % of 
CaO, 1.8 weight % of AI2O3 and 0.9 weight % of K2O) . 
Then, on one surface of the prepared transparent 
substrate 1, pairs of the high refractive index 
transparent film 7 and the low refractive index 
transparent film 8 were stacked in stacking numbers 
indicated in Table 1 and with thicknesses indicated 
therein, followed by stacking the matching oil 13 
having a refractive index of 1.55 and the transparent 
substrate la, to thereby prepare test pieces as 
Examples Nos . 1-17. As materials for the high 
refractive index transparent film 7 and the low 
refractive index transparent film 8, titanium dioxide 
(Ti02) and silicon dioxide (Si02) were used, 
respectively (the same applies to the following 
examples) . Further, the thickness of each of the 
transparent films 7 and 8 was set according to the 
stacking number so that the light reflectance in the 
visible light region was in the range of not less than 
5% but less than 25%. 

The above test pieces were each irradiated with 
visible light from one side surface thereof, and the 
light transmittance (%) and light reflectance (%) of 
wavelength components R, G and B of transmitted light 
and reflected light corresponding to the visible light 



18 

were measured. The measurement results are shown in 
Table 1. 

In Table 1, the letter "S" listed under a 
column "FILM-FORMING METHOD" refers to a film formed 
5 by sputtering, while the letter "E" refers to a film 

formed by vacuum evaporation. The stacking number m 
indicates the number of pairs of the high refractive 
index transparent film 7 and the low refractive index 
transparent film 8. The letter "H" listed under a 
10 column "LAYER" indicates the film thickness of the 

high refractive index transparent film 1 , and "L" 
indicates the same of the low refractive index 
transparent film 8. The light transmittance (%) 
refers to the percentage of a wavelength component R, 
15 G or B of visible light transmitted through a test 

piece, and the light reflectance (%) refers to the 
percentage of a wavelength component R, G or B of 
visible light reflected through a test piece. The 
symbol A indicates the difference between the maximum 
20 value and minimum value of light reflectance of 

wavelength components R, G, and B. The same applies 
to the following tables. 

It will be learned from Table 1 that by setting 
the stacking number of pairs and the film thickness of 
2 5 each of the high refractive index transparent film 7 

and the low refractive index transparent film 8 to 
values indicated in Table 1, the difference between 
the maximum value and minimum value of light 
reflectance of wavelength components R, G, and B of 
30 Examples Nos . 1 to 17 can be kept at approximately 10% 

or less when the light reflectance in the visible 
light region is in the range of not less than 5% but 
less than 25%. 

Example 2 

35 Next, on one surface of the transparent 

substrate 1, pairs of the high refractive index 
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transparent film 7 and the low refractive index 
transparent film 8 were stacked in stacking numbers 
indicated in Table 2 and with thicknesses indicated 
therein, followed by stacking the matching oil 13 
5 having a refractive index of 1,55 and the transparent 

substrate la, to thereby prepare test pieces as 
Examples Nos . 18-39. The test pieces were measured 
in the same manner as in Example 1, and the results 
are shown in Table 2. Further, the thickness of each 
10 of the transparent films 7 and 8 was set according to 

the stacking number so that the light reflectance in 
the visible light region was in the range of not less 
than 25% but less than 45%. 

It will be learned from Table 2 that by setting 
1 5 the stacking number of pairs and the film thickness of 

each of the high refractive index transparent film 7 
and the low refractive index transparent film 8 to 
values indicated in Table 2, the difference between 
the maximum value and minimum value of light 
20 reflectance of wavelength components R, G, and B of 

Examples Nos. 18 to 39 can be kept at approximately 10% 
or less when the light reflectance in the visible 
light region is in the range of not less than 25% but 
less than 45%. 
25 Example 3 

Tables 3 and 4 show results obtained by 
measurements carried out in the same manner as in 
Example 1, but when the light reflectance in the 
visible light region is in the range of not less than 
30 45% but less than 65%. 

It will be learned from Tables 3 and 4 that by 
setting the stacking number of pairs and the film 
thickness of each of the high refractive index 
transparent film 7 and the low refractive index 
35 transparent film 8 to values indicated in Tables 3 and 

4, the difference between the maximum value and 
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minimum value of light reflectance of wavelength 
components R, G, and B of Examples Nos . 40 to 78 can 
be kept at approximately 10% or less when the light 
reflectance in the visible light region is in the 
5 range of not less than 45% but less than 65%. 

Example 4 

Tables 5 and 6 show results obtained by 
measurements carried out in the same manner as in 
Example 1, but when the light reflectance in the 

0 visible light region is in the range of not less than 

65% but less than 95%. 

It will be learned from Tables 5 and 6 that by 
setting the stacking number of pairs and the film 
thickness of each of the high refractive index 

5 transparent film 7 and the low refractive index 

transparent film 8 to values indicated in Tables 5 and 
6, the difference between the maximum value and 
minimum value of light reflectance of wavelength 
components R, G, and B of Examples Nos. 79 to 113 can 

0 be kept at approximately 10% or less when the light 

reflectance in the visible light region is in the 
range of not less than 65% but less than 95%. 

Further, measurements were carried out, in a 
similar manner to the above, on test pieces which were 

5 prepared by additionally stacking the transparent 

roughened surface scattering layer 12 on the inner 
surface of the transparent substrate 1 of each of the 
above test pieces. The measurement results showed 
that by setting the stacking number of pairs and the 

0 film thickness of each of the high refractive index 

transparent film 7 and the low refractive index 
transparent film 8 to values indicated in Tables 1 to 
6, the difference between the maximum value and 
minimum value of light reflectance of wavelength 

5 components R, G, and B is approximately 10% or less 

when the light reflectance in the visible light region 
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is in the range of not less than 5% but less than 95%. 

Next, the difference between the light 
absorptivity of the substrate for liquid crystal 
display elements of examples of the present invention 
5 and that of the conventional substrate for liquid 

crystal display elements will be described. Here, the 
light absorptivity is calculated by an equation of 100 
- (light transmittance + light reflectance) , on the 
assumption that the remainder after subtraction of 
10 transmitted light and reflected light from visible 
light is absorbed. Table 7 shows results of 
comparisons between the light absoarptivity of typical 
ones of Examples according to the present invention 
(Examples Nos . 9, 29, 76, 92, 17, 38, 77 and 105) and 
1 5 that of the conventional substrate for liquid crystal 
display elements (Comparative Examples Nos. 1-4). 

The laminated structure of the liquid crystal 
display element for Comparative Examples Nos, 1-4 
will be briefly described with reference to FIG. 1, 
20 FIG. 1 is a cross-sectional view of a typical 

laminated structure of the conventional liquid crystal 
display element. The difference from the above 
described laminated structure of FIG, 2 lies in that 
in place of the predetermined number m of pairs of the 
25 high refractive index transparent film 7 and the low 
refractive index transparent film 8, a metallic thin 
film 13 is stacked on the inner surface of the 
transparent substrate 1, 

Test pieces as Comparative Examples Nos, 1-4 
30 were prepared in the same manner as in the above 

described examples by using soda lime glass for the 
transparent substrate 1 for the back side. 

The prepared test pieces were each irradiated 
with visible light from one side surface thereof, and 
35 the light transmittance (%) and light reflectance (%) 
of a wavelength component of 550nm of transmitted 
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light and reflected light corresponding to the visible 
light were measured. The measurement results are 
shovm in Table 7 . 

As will be learned from Table 7, the typical 
5 examples according to the present invention have 

hardly any light absorption and showed very small 
values of light absorptivity because the predetermined 
number of pairs of the high refractive index 
transparent film 7 and the low refractive index 

1 0 transparent film 8 stacked on the surface of the 

transparent substrate 1 are composed of low light 
absorptivity dielectric materials. On the other hand. 
Comparative Examples Nos . 1-4, which each have a 
semi-transparent metallic thin film formed of aluminum 

15 stacked on the transparent substrate 1, whereby light 

is absorbed by the metallic thin film, so that the 
value of light absorptivity is large. The results in 
Table 7 show that Comparative Examples have light 
absorptivity approximately 20% larger than that of 

20 Examples of the present invention. 

The results in Table 7 are shown in FIG. 3. 
FIG . 3 is a graph showing the relationship in light 
transmittance and light reflectance between the 
typical examples of the present invention and 

2 5 Comparative Examples Nos. 1-4, wherein a indicates a 

characteristic curve of substrates for liquid crystal 
display elements according to the typical examples of 
the present invention, and b indicates a 
characteristic curve according to Comparative Examples 

30 Nos. 1-4. 

Next, optical characteristics (light 
transmittance (T [%]), light reflectance (R [%] ) ) of 
examples of the substrate for liquid crystal display 
elements according to the present invention and 

35 examples of the conventional substrate for liquid 

crystal display elements will be described with 
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reference to FIGS. 4A and 4B. FIGS. 4A and 4B are 
graphical representations of optical characteristics 
(T, R [%] ) of the substrate for liquid crystal display 
elements according to the present invention and those 
5 of the conventional substrate, respectively. FIG. 4A 

shows the optical characteristics of Examples Nos, 1 
and 2, and FIG, 4B shows the optical characteristics 
of Comparative Examples Nos . 1 and 2 . In the graphs 
of FIGS. 4A and 4B, light transmittance and light 

1 0 reflectance when the angle of incidence of light is 0 

degrees and 45 degrees are shown, with the abscissa 
representing wavelength [nm] , and the ordinate 
representing T, R [%] . 

It can be seen from FIG. 4A that the optical 

15 characteristics in the visible light region of 

Examples Nos. 1 and 2 show flat or generally 
horizontal characteristic curves, irrespective of the 
angle of incidence of light, i.e. irrespective of 
whether it is 0 degrees or 45 degrees, such that no 

20 extra color correction or the like is needed when 

displaying images in colors. On the other hand, as 
shown in FIG. 4B, the optical characteristics of 
Comparative Examples Nos, 1 and 2 show unflat or 
sloped characteristic curves, which requires extra 

2 5 color correction or the like when displaying images in 

colors , 



